The form of inhibitor protein of the cAMPdependent protein kinase (PKI) that has been most thoroughly studied is a protein purified from rabbit skeletal muscle. (PKIAk) has been extensively characterized and the central pseudosubstrate amino acid residues have been identified within its 75-amino acid sequence (1, 2). Previous studies identified multiple species of PKI in rat testis (3), and one of these was purified to apparent homogeneity and partially characterized (3, 4). We describe here the cloning ofa cDNA containing the coding region of a form of rat testis PKI (PKItest) that shares only minimal amino acid sequence homology with the wellcharacterized PKIsk isoform, although it has retained the essential pseudosubstrate kinase-binding domain and the purified protein is equally potent as an inhibitor.* EXPERIMENTAL PROCEDURES Purification of Inhibitor Protein from Rat Testis. Rat testis PKI was purified from 1.26 kg offrozen rat testis as described by Beale et al. (3) up to chromatography on DEAE-cellulose. The ammonium sulfate precipitate was dialyzed overnight against 5 mM potassium phosphate/i mM EDTA, pH 7.0, adjusted to pH 5.0, centrifuged, and then chromatographed on a DEAE-cellulose column (1.5 x 28 cm), using a 5 mM 
nudeotide sequence of the rat testis PMI cDNA suggests that a second form of testis PMI, longr by 8 a amino-terminal amino acids, might also be produced.
The cAMP-dependent protein kinase, the prime target of the second messenger cAMP in mammalian cells, is activated by the binding of cAMP to the kinase regulatory subunit, releasing the active catalytic subunit. The heat-stable protein inhibitor ofthis protein kinase (PKI) acts by binding with high affinity to the substrate binding site of free active catalytic subunit (1) . The protein from rabbit skeletal muscle (PKIAk) has been extensively characterized and the central pseudosubstrate amino acid residues have been identified within its 75-amino acid sequence (1, 2) . Previous studies identified multiple species of PKI in rat testis (3) , and one of these was purified to apparent homogeneity and partially characterized (3, 4) . We describe here the cloning ofa cDNA containing the coding region of a form of rat testis PKI (PKItest) that shares only minimal amino acid sequence homology with the wellcharacterized PKIsk isoform, although it has retained the essential pseudosubstrate kinase-binding domain and the purified protein is equally potent as an inhibitor.*
EXPERIMENTAL PROCEDURES
Purification of Inhibitor Protein from Rat Testis. Rat testis PKI was purified from 1.26 kg offrozen rat testis as described by Beale et al. (3) up to chromatography on DEAE-cellulose. The ammonium sulfate precipitate was dialyzed overnight against 5 mM potassium phosphate/i mM EDTA, pH 7.0, adjusted to pH 5.0, centrifuged, and then chromatographed on a DEAE-cellulose column (1.5 x 28 cm), using a 5 mM were the tissue sources (see Experimental Procedures). The tissues were treated in an identical manner. The horizontal bar in A reflects fractions of PKIt,,t that were pooled for further purification. sodium acetate buffer (pH 5.0) with a 1000-ml linear gradient of 5-350 mM sodium acetate (Fig. LA) . The fractions of the first peak of inhibitory activity were pooled, dialyzed against 10 mM Mes (pH 6.8), and lyophilized. Chromatography on a Sephadex G-100 superfine column (2.5 x 90 cm; 10 mM Mes/S0 mM NaCl, pH 6.8) eluted >90% of the inhibitory activity as a single peak, separated from significant amounts of higher molecular weight material. The lyophilized protein was then subjected to serial p.Bondapak (Waters) C18 reversephase HPLC (3.9 x 30 mm), first in 10 mM ammonium acetate buffer (pH 7) with a linear 8-64% acetonitrile gradient, the second in 0.1% trifluoroacetic acid with a linear 24-56% acetonitrile gradient (Fig. 2 ). This source material was homogeneous by gel electrophoresis (Fig. 3) 
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. (Fig. LA) . These forms were eluted at a considerably lower conductivity than rabbit skeletal muscle PKI (Fig. 1B) . These differences in elution fully conform with past data for (5) the resulting peptides were sequenced from the amino-terminal end as far as the sensitivity of amino acid detection permitted. Digestions, separation of peptides, and sequencing were described in Experimental Procedures. Argi, -2, and -3 are peptides from the Arg-C digest; Glul and -2 are peptides from the Glu-C digest; CNBrJ is a peptide from the CNBr digest. Asterisk denotes a difference with data from the cDNA, see Results.
PKItest were cleaved with CNBr, Arg-C, and Glu-C, and isolated peptides were sequenced from the amino-terminal end as far as possible. A combination of sequence from six ofthese overlapping peptides allowed for the deduction of 66 amino acids of the protein's sequence (Fig. 4 ). It appears that there was some cleavage by the Glu-C protease at an aspartic residue (Asp3) to yield the Glu2 peptide, and there was a rather unexpected cleavage by the Arg-C protease at a leucinelysine bond (Leu39-Lys) to yield the Arg3 peptide. Fig. 5 ) and was then extended using two other clones. The largest clone contained the 1364-base sequence shown in Fig. 5 . Inspection of the DNA sequence shows the presence of three possible ATG translation initiation codons at nucleotide positions 72-74, 235-237, and 256-258. Initiation at the third ATG codon (nucleotides 256-258) would produce a 70-amino acid protein (calculated molecular weight, 7455) that includes the amino acid sequence deduced from our purified PKItest plus an additional four amino acids at the amino terminus: Thr'-Asp2-Val3-Glu4. This sequence accurately matches the amino acid composition data obtained for the purified testis protein (Table 1) and is consistent with the Glul peptide (Fig. 4) (Table 2) .
DISCUSSION
The PKIteSt cDNA that we have isolated contains three potential ATG initiation codons (Fig. 4) . The first of these, at nucleotides 72-74, begins an open reading frame that is very short and would not lead to a protein containing within it the PKI sequence; nor, because ofthe context of its sequence (9) , Table 2. would it block initiation at a downstream site. The amino acid composition analysis ofthe pure PKItest that we have isolated (Table 1) indicates it to be the 70-amino acid protein (Thr' to Lys70) denoted in Fig. 5 . The ATG codons at 235-237 and at 256-258 are in frame with this sequence and the existence of these two sites raises the issue of what is the initial product of protein synthesis. The isolated 70-amino acid PKItest could have been synthesized directly, by removal of the initial methionine and addition of the amino-terminal blocking group. Alternatively, it could have been derived by co-or posttranslational modification of the 78-amino acid protein that contained 8 additional amino-terminal amino acids. Although protein synthesis most usually begins at the first initiation site, neither the ATG at 235-237 nor the ATG at 256-258 is positioned within a strongly favorable nucleotide sequence for protein synthesis initiation (9) . In accord with the rules proposed by Kozak (9) , there is quite a high likelihood that the initiation site at 235-237 will be leaky, allowing direct initiation at 256-258 and, consequently, the direct synthesis of the 70-amino acid PKI (plus the initial methionine). Even so, synthesis might also initiate at 235-237 to produce a second form with a 7 (or 8)-residue aminoterminal extension (Met-Arg-Thr-Asp-Ser-Ser-Glu-Met), and this might explain the multiple species observed by DEAE chromatography (Fig. 1) . The presence ofthe initiation codon at 235-237 was identified in five separate clones, suggesting that there are not two separate PKI cDNA species, one with and one without the initiation site at 235-237. With the potential exception of the addition of the 8 amino acids at the amino terminus, the isolation of PKItest cDNA proves that PKI is not derived by processing of a larger protein, a question that has been raised in consideration of the harsh denaturing conditions used in its purification. Fig. 5 also provides a comparison of the sequence of rat PKItest, as obtained from the cDNA, with that of rabbit PKISk, which had been sequenced previously by Scott et al. (10) . Both proteins have a blocked amino terminus with the blocking group yet to be identified. The degree of sequence homology between the two forms is remarkably low. In Fig.  5 the two sequences are aligned with a 3-residue gap inserted in PKIsk, the longer of the two proteins, in order to maximize homology. Even with this possible gap the two display only 41% identity. The very low degree of homology between the two, in comparison to other rat and rabbit proteins, favors the argument that PKIAk and PKIteg1 represent different PKI isoforms. One possibility is that the amino acid sequence of the less conserved, carboxyl-terminal portion of PK~test is required for some functional role unique to this form of PKI. Interestingly, 8 of the 10 residues from Lys47 through Glu56 are homologous to a region of troponin C, and this homology is not shared with PKISk. This sequence of troponin C, Lys-Glu-Asp-Ala-Lys-Gly-Lys-Ser-Glu-Glu (KEDAKgKsEE, with residues not conserved in PKItest shown by lowercase letters), is the region of the protein that interacts with target proteins (12) . Of note, testis PKI has been suggested to be associated with microtubular proteins (13) . An explanation for why two proteins with relatively little homology can inhibit the cAMP-dependent protein kinase with equally high potency may be that there is little structure to be conserved in PKI because the protein is primarily random coil in solution (14) . (1) . Phe'0 and lie22 also make a major contribution to the inhibitory activity. Each of these amino acids is present in the identical position of the PKItest sequence reported here, with the exception of Ile22 for which there is a conservative replacement by leucine (Fig. 5) . Leucine at this position, however, only slightly decreases inhibitory potency in synthetic peptides (2) . The position of this entire group of amino acids has been conserved with respect to the blocked amino terminus of PKIsk and PKItest. Surprisingly, a synthetic peptide representing amino acids 5-22 of PKItest is a much poorer inhibitor of the kinase than is the peptide from the corresponding sequence of PKIAk (Table 2 ). It may be that the remainder of the protein is required to stabilize the structure of the pseudosubstrate site in PKItet whereas this is not the case for PKIsk (15) . A similar situation is seen with peptides of various lengths derived from PKIsk (1, 2) . Although Ser13 is also conserved between PKIsk and PKItest, this amino acid is apparently not essential for normal inhibitory activity (Table 2 ). It is possible that this serine has some other important role, such as a site of phosphorylation for the control of PKI activity, but there is no evidence for such a phosphorylated form of PKI.
The level of cAMP-dependent protein kinase inhibitory activity has been shown to increase in response to folliclestimulating hormone in both Sertoli cell-enriched rat-testis (16) and isolated Sertoli cells (17) . This increase is blocked by cycloheximide and therefore is apparently a result of either transcriptional or translational stimulation. It was not clear from these data which form or forms of testis inhibitor were responsible for the increase. The cloned cDNA described here should be a valuable tool in determining whether the PKItest that we have purified is involved in this hormonal response. Differential genetic regulation could provide another explanation for the existence of multiple isoforms of PKI.
